The Outpatient Bleeding Risk Index (BRI) prospectively classified patients who were at high, intermediate, or low risk for warfarin-related major bleeding. However, there are only 2 published validation studies of the index and neither included veterans.
W arfarin is effective for the prevention of thromboembolism in a variety of conditions, but hemorrhage is a major side effect. Physicians use their clinical judgment to estimate the risk of bleeding in an individual patient. However, in at least 1 study, these estimates did not correlate with the actual frequency of major bleeding. 1 Therefore, prediction rules can help physicians more accurately weigh the risks and benefits of warfarin therapy. Several prediction models have been developed based on independent risk factors for warfarin-related bleeding. [1] [2] [3] [4] Of these, 2 were developed and validated in outpatients. 1, 4 The prediction score constructed by Kuijer et al. 4 studied patients with established venous thromboembolism and identified those who were at high risk of developing a hemorrhagic event. The Outpatient Bleeding Risk Index (BRI) developed by Beyth et al. 1 included all patients initiating warfarin upon discharge from the hospital, regardless of their indication for therapy, and prospectively classified patients who were at high-, intermediate-, or lowrisk for major bleeding. Wells et al. 5 published the only other prospective validation of the BRI. They found that the BRI discriminated between low-and moderate-risk patients who were anticoagulated for pulmonary embolism or deep vein thrombosis, but they could not determine the rate of major bleeding in the high-risk group because only 2 patients in their clinic were in this category.
Of the available prediction models, the BRI is the most applicable for a general medical population, is simple to perform, and has been validated in the literature. However, the studies by Beyth and Wells did not include a veteran population in their evaluation of the BRI. Therefore, we sought to determine the accuracy of the BRI in predicting major bleeds in all patients attending a Veterans Affairs (VA) anticoagulation clinic as a quality-improvement project. In addition, given the number of patients with atrial fibrillation, the emphasis on antithrombotic therapy for stroke prevention, 6 and a general lack of familiarity with objective methods for quantifying the risk of bleeding, we wanted to specifically evaluate the accuracy of the BRI in this group of patients.
METHODS
The Anticoagulation Clinic at the VA Pittsburgh Healthcare System (VAPHS) is a pharmacist-run clinic that was established in 1987 to coordinate outpatient warfarin management. As part of a long-standing quality-assurance program, BRI is recorded on all patients. All thromboembolic events and major and minor bleeds are identified, and the event rate per patientyear of warfarin is reported to the Pharmacy and Therapeutics (P&T) Committee. The event rates are consistently below published results for routine medical care and comparable with other anticoagulation clinics.
Data Collection
This analysis includes all patients managed by the Anticoagulation Clinic between January 1, 2001 and December 31, 2002.
Patients include those newly started on warfarin, as well as those who had been anticoagulated for varying lengths of time. No patients were lost to follow-up as clinic providers call or automatically reschedule every patient who misses an appointment. The BRI was collected using the administrative database for the clinic. Patients enrolled in clinic prior to January 1, 2001 had the BRI determined by retrospective chart review; all others had the BRI applied prospectively. As per the BRI (Table  1) , patients received 1 point for each of the following risk factors that was documented by a provider in the electronic medical record: (1) age 65 years, (2) history of stroke, (3) history of gastrointestinal (GI) bleed, and (4) the presence of 1 or more serious comorbid conditions, namely recent myocardial infarction, hematocrito30%, serum creatinine 41.5 mg/dL, or diabetes mellitus. Based on their total number of points, or risk factors, patients were classified as low-(0 points), intermediate-(1 or 2 points), or high-risk (3 or 4 points) for major bleeding. 1 No data were missing for the BRI.
Next, we retrospectively reviewed the quality-assurance reports for the clinic and identified patients who experienced a major or minor bleed between January 1, 2001 and December 31, 2002. A bleed was defined as major when the patient was hemodynamically unstable, required a transfusion, had an intracranial hemorrhage, or died (e.g., GI bleed in a hypotensive patient, subdural hematoma). A bleed was defined as minor when the patient was hemodynamically stable, but required hospitalization or a physician visit for evaluation. Minor bleeds ranged from epistaxis or gingival bleeding to those requiring admission for clinically stable hematochezia or hematuria, not requiring a blood transfusion. Bleeding episodes are identified via several mechanisms. Providers in the Anticoagulation Clinic query patients about major and minor bleeds at every visit. Reported bleeds are reviewed, compiled quarterly, and reported to the P&T Committee. The inpatient anticoagulation service identifies all bleeds that occur among patients on warfarin who are hospitalized at our medical center. Finally, when providers contact patients who miss clinic appointments, they capture bleeding episodes, including those requiring hospitalization outside VAPHS.
Using the administrative database for the clinic, we identified the date warfarin was initiated and indication for therapy. We determined the total patient-years of warfarin by indication and BRI using the date of clinic enrollment and discharge, if applicable. The categories for indications were grouped as follows: atrial fibrillation (atrial fibrillation and flutter), heart valve replacement (mechanical, bioprosthetic, and patients with a valve replacement in addition to other indications for warfarin), venous thromboembolism (deep vein thrombosis, pulmonary embolism, or both), cerebrovascular accidents and transient ischemic attacks, hypercoagulable states, cardiomyopathy, myocardial infarction, peripheral vascular disease, and other (patients with less common indications such as an arterial bypass graft). Patients with more than 1 indication for anticoagulation (e.g., stroke and atrial fibrillation) were also placed in the ''other'' group, except for individuals with mechanical valves, who are always categorized as a valve replacement.
As this was a quality improvement project, exempt status was requested from the Institutional Review Board at the VAPHS.
Analysis
We describe the incidence of major and minor bleeding by BRI group in all patients followed by the Anticoagulation Clinic at the VAPHS and in the subgroup with atrial fibrillation. Poisson regression was used to determine whether there was an association between the BRI and the development of major and minor bleeding. The results are reported as the incidence rate ratio (IRR) with the corresponding 95% confidence intervals (CIs). Finally, we compare the incidence of bleeding in patients who were newly started on warfarin between January 1, 2001 and December 31, 2002 with those who were on warfarin at the start of the project. Table 2 describes the baseline characteristics of all patients enrolled in the Anticoagulation Clinic between January 1, 2001 and December 31, 2002, as well as the subgroup that experienced a major bleed. In general, the baseline characteristics of patients who had a major bleed were similar to those who did not have a hemorrhagic event, with the exception of age and BRI category. Patients who experienced a major bleed were slightly older, and more were in the high-risk BRI group. Increased age, history of a GI bleed, and a hematocrit o30% were more prevalent in those who bled and led to the high-risk classification. Table 3 summarizes the patient-years of warfarin by indication and BRI. There were 1308 patient-years of warfarin therapy among the 1269 patients in clinic during this time period. Atrial fibrillation was the most common indication (556 patient-years), and the majority of patients were in the intermediate-risk BRI category (997 patient-years).
RESULTS
In 2001 and 2002, there were 45 major bleeds in 42 patients. Of the 34 patients with an INR at the time of the major bleed, the median value was 3.5 (Table 4) . Nineteen INRs (55.9%) were supratherapeutic (e.g., INR43 in a patient with atrial fibrillation, INR43.5 in a patient with a mitral valve replacement). Of the 45 major bleeds, 26 were GI, and 4 involved the central nervous system. Three of these 4 patients experienced a fall, which contributed to the event. Most patients had been on warfarin for 41 year prior to their major bleed (71.5%). No patients died as result of warfarin-related bleeding.
The number of bleeds in each BRI category by type of bleed is summarized in Table 5 for all patients and the subgroup with atrial fibrillation. The overall rate of minor bleeding was 5.6% (95% CI, 4.4-7.0) per patient-year of warfarin, while the rate of major bleeding was 3.4% (95% CI, 2.5-4.6) per patient-year of warfarin. The rate of major bleeding was the greatest in the high-risk BRI group (10.6% per patient-year of 
DISCUSSION
These are the first published results validating the use of the BRI in a large, pharmacist-run anticoagulation clinic. In addition, it is the first to evaluate the BRI in patients by indication, and in particular, those with atrial fibrillation. We believe the project adds important information regarding the risk of bleeding with chronic warfarin in an unselected patient population. In addition, our findings should help clinicians assess the risk-to-benefit ratio with warfarin when they are considering the most appropriate antithrombotic agent in their patients with atrial fibrillation.
Overall, the rate of major bleeding was 3.4% per patientyear of warfarin. This is comparable with other anticoagulation clinics (e.g., average 2.8%) and below-published results for routine medical care (e.g., average 10.9%). 7 Among the 3 groups defined prospectively by the BRI, the risk of a major hemorrhage was 0.8%, 2.5%, and 10.6% per patient-year of warfarin in low-, intermediate-, and high-risk patients, respectively. This is lower than the rates reported by Beyth et al. 1 (cumulative risk at 12 months was 3% in low-risk, 8% in intermediate-risk, and 30% in high-risk patients) and comparable with those published by Wells et al. 5 (0% per patient-year of warfarin in low-risk patients and 4.3% in the intermediate-risk group). Our anticoagulation clinic uses a slightly different definition for a major hemorrhage. Beyth and Wells both defined a major bleed as the loss of 2 U of blood within 7 days, or one that is life-threatening. In addition to the patients captured by this definition, we classified patients who were hemodynamically unstable secondary to a bleeding event, or those who required any transfusion of blood, as having experienced a major bleed. The most common site for major bleeding was the GI tract (57.8%). In the study by Beyth et al., 1 9 of the 22 major bleeds (40.9%) were GI, and 2 of these patients died. By comparison, all of the major bleeds involved the GI tract in the study by Wells.
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Although none of our patients died, the mortality rate from acute GI hemorrhage is not inconsequential. Epidemiologic studies have reported a mortality rate of 3.5% to 7% for upper GI bleeds and 3.6% for those involving the lower GI tract. These patients were hospitalized outside of the VA and required a transfusion, but records were unavailable to identify the source of the major bleed.
z Forty-five major bleeds occurred in 42 patients. HEENT, head, eyes, ears, nose, and throat (e.g., epistaxis, hemoptysis); CNS, central nervous system (e.g., subdural, intracranial); GU, genitourinary tract. The BRI did not predict minor bleeds, but it was not developed for that purpose. Although the BRI did not discriminate between the intermediate-and low-risk patients because of the low rate of major bleeding, there was a difference between the high-and intermediate-risk groups. This may be more clinically useful because the patients at greatest risk for a major bleed are likely to benefit the most from closer monitoring.
Higher frequencies of bleeding have been reported early in the course of warfarin therapy. In 1 study, the frequency of major bleeding was 3% in the first month, 0.8% per month during the remainder of the first year, and 0.3% per month thereafter. 10 However, in our study, there was no difference in the duration of warfarin therapy between those who experienced a major bleed and the rest of the group. Patients who initiated warfarin during the period reviewed did not have a higher incidence of bleeding than those on chronic therapy (Table 6 ). Numerous well-done, randomized clinical trials have demonstrated the efficacy of warfarin in preventing thromboembolic events related to atrial fibrillation. Consequently, the American College of Chest Physicians recommends warfarin therapy for all patients at high-risk for thromboembolic events, as well as for patients with more than 1 moderate risk factor.
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More recently, a review of the literature found that evidence strongly supports the use of warfarin in patients with atrial fibrillation who have an average or high risk for stroke, unless there is an increased risk of bleeding. 12 Although oral anticoagulation is recommended for these moderate-to high-risk patients with atrial fibrillation, results from clinical trials suggest that many do not receive warfarin. 13, 14 In a physician survey using clinical vignettes, warfarin was not recommended in half of patients for whom it was judged appropriate by the authors. 15 In particular, warfarin was prescribed less often for patients aged 75 or older. 15 A systematic review of the literature suggests that physicians' concerns about warfarin-related bleeding in older persons with atrial fibrillation might be unfounded. 16 However, Byeth et al. 1 found physicians usually underestimate the risk of serious bleeding in patients prescribed warfarin. Thus, physicians caring for patients with atrial fibrillation who have a moderate or high risk of stroke must carefully weigh the benefits and risks and determine the most appropriate antithrombotic therapy. The recommendations for which patients benefit from aspirin and warfarin are relatively objective, 11 but the caveat to avoid warfarin when there is an increased risk of bleeding is problematic as methods to quantify the risk may not be clear to clinicians. Several analyses of randomized controlled trials of antithrombotic therapy in atrial fibrillation have helped to quantify the benefits. Pooling the results of 5 trials in an intention-to-treat analysis found an annual stroke rate of 4.5% with placebo and 1.4% with warfarin. 11 A meta-analysis of 6 studies of warfarin versus aspirin in patients with nonvalvular atrial fibrillation reported ischemic stroke rates of 4.3% per patient-year of aspirin therapy and 2% per patient-year of warfarin. 17 The presence of other risk factors may increase or decrease the risk of stroke. In this same meta-analysis, the major bleeding rate overall in patients on warfarin was 2.2% per patient-year (1.3% in those on aspirin). 17 In our population, the rate of major bleeding was 3.2% per patient-year of warfarin in individuals with atrial fibrillation, which is comparable. However, in our high-risk BRI group, the rate of major bleeding was about 12% per patient-year of warfarin, compared with no bleeds in our low-risk group. Thus, the simple use of the BRI may objectively quantify the risk for major hemorrhage with warfarin therapy. There are several limitations in our study. First, data were collected for quality-assurance purposes. Therefore, we were unable to determine the reliability of data collection measures. Data were not readily available on potential confounders that may have influenced the rate of major bleeding such as concomitant use of drugs that interfere with hemostasis. Patients in the Anticoagulation Clinic are not permitted to use nonsteroidal anti-inflammatory drugs (e.g., ibuprofen, naproxen). Nonacetylated salicylates, acetaminophen, and opioids are most commonly prescribed for pain. Cyclooxygenase-2 selective agents were only used in a small number of patients due to the presence of stringent prescribing guidelines. However, lowdose aspirin may have been used. Second, we had a limited number of patients in the low-risk BRI group, which may have affected our ability to detect a difference in the rate of major bleeding between the intermediate-and low-risk BRI categories. Third, we identified bleeds from the quality-assurance reports for the clinic, so we may have missed some events even though bleeds are captured via several mechanisms. Our rate of major bleeding is consistent with the results published by Wells et al. and other anticoagulation clinics. Fourth, we included patients with different indications for warfarin and therefore, different intensities of anticoagulation. However, among patients on warfarin for hypercoagulable states or mechanical valve replacements (i.e., patients maintained at a higher target INR), approximately the same numbers of patient-years of warfarin were in the high-and low-risk groups (27 vs 30 patientyears, respectively). Finally, although our results are likely to be generalizable to other VA anticoagulation clinics, they are from a single site and may not apply to females or a younger, healthier population as most of our patients are elderly males.
CONCLUSIONS
The BRI discriminates between high-and intermediate-risk patients in a VA anticoagulation clinic, including those patients with atrial fibrillation. Although warfarin is reportedly underutilized in eligible patients with atrial fibrillation, it is important to objectively consider the trade off between the benefits and risks of oral anticoagulation, especially among individuals prospectively scored as high-risk for major bleeding by the Index.
